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SPINDLE ASSEMBLY FOR EXTENDING THE
TURNING ANGLE OF A MOTOR VEHICLE AND
REDUCING TIRE WEAR

TECHNICAL FIELD

This invention relates generally to steering mecha-
nisms for motor vehicles and more particularly to an
improved spindle assembly or steering knuckle for use
in turning the front wheels of vehicles, and particularly
small vehicles having short wheel bases and which
make frequent turns.

BACKGROUND ART

The term “steering knuckle” as used herein and is

generally understood in the art refers to a unitary me-
chanical device which is configured to fit into the wheel
base of the front wheels of a motor vehicle, and this
device mechanically interconnects and couples the ve-
hicle steering tie rods and ball joints to the wheel base
assembly. This steering knuckle device includes, among
other things, a spindle which is adapted to be received
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along the rotational axis of the front wheels of a vehicle, |

and a tie rod arm which is approximately orthogonal to
the spindle and has a bore at one end thereof for con-
necting to a tie rod. This device further includes a cen-
trally located rotational pivot for receiving ball joint
arms which operate to provide a central axis of rotation
for the device, and it further includes a brake caliper
mounting flange positioned on the opposite side of the
device from the tie rod arm.

Thus, as is generally well known in the art, the move-
ment of the tie rod of a motor vehicle by an operator
turning the steering wheel of the vehicle will produce a
corresponding force at the end of the tie rod arm which
causes the steering knuckle to rotate about its central
axis of rotation. This motion causes the spindle to rotate
the wheel of the vehicle in either a clockwise or a coun-
terclockwise direction depending upon whether the tie
rod is pushing against or pulling on the ends of the tie
rod arms. This operation has been described in detail in
many prior art references, including, for example, U.S.
Pat. No. 4,600,205 issued to Stewart et al and incorpo-
rated herein by reference.

Steering knuckles of the known prior art have their
central rotational pivot located in or near the plane in
which the tie rod arm is located. Thus, the torque ap-
plied to the end of the tie rod arm by the lateral move-
ment of the vehicle tie rods is equal to the effective
length of the tie rod arm multiplied by the lateral force
applied thereto by the tie rod movement. Thus, the

arcuate distance of travel in radians of the end of the

spindle and defining the turning angie of the wheel into
which the spindle is mounted is linearly proportional to
the arcuate distance in radians traveled by the end of the
tie rod arm.

In order to increase the arcuate distance of travel of

the spindle in response to a fixed tie rod travel distance g

and thus increase the turning angle of the steering
knuckle as may be desired for certain types of vehicular
turning applications, this could be achieved simply by
reducing the length of the tie rod arm. However, the
problem with this approach alone is that it significantly
increases the torque required to turn the wheel through

a given turning angle and it also reduces the overall
steering stability of the vehicle.
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DISCLOSURE OF INVENTION

In accordance with the present invention, we have
discovered and developed a new and improved ap-
proach to steering knuckle construction which enables
the turning angle of a front wheel of a vehicle to be
increased significantly without necessarily changing the
length of its tie rod moment arm. However, as is de-
scribed below, a small reduction in tie rod arm length
may be desirable in certain applications in order to
optimize steering knuckle performance. This extension
in turning angie may be accomplished with little or no
increase in applied torque by the provision of a new and
improved steering knuckle device wherein a main up-
right body member has a tie rod arm extending laterally
from one side thereof and a brake capillary mounting
flange extending from the other side thereof, with all of
these members being adapted and configured to fit into
the front wheel base of a motor vehicle. A spindle is
positioned so that one end thereof extends through an
opening in the main upright body member, and the
other end of the spindle extends away from the main
upright body member and is oriented approximately
perpendicular to the common plane of the main upright
body member, tie rod arm, and brake capillary mount-
ing flange. - |

The main upright body member of the steering
knuckle device further includes upper and lower ball

10 joint pivot arms which extend a predetermined distance
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away from the main body of the device and in a direc-
tion opposite to that of the spindle. The ball joint pivot
arms have cylindrical bores therein which define the
pivotal or rotational axis for the steering knuckle de-
vice. Thus, if the length of the spindle is defined as Ry,
and the length of the tie rod arm is defined as Ry, and

~ the effective length of the ball joint pivot arms is de-

fined as Rz, then it can be shown that the arcuate travel
distance S, in radians of the spindle is related to the

arcuate travel distance, S, 1n radians of the end of the
tie rod arm by the following expression:

Sy =[(Ry + RE)/ NRE2 + RA X S,

That 1s to say, the above distance Sz of spindle travel
in radians is significantly greater than in prior art steer-
ing knuckles where the tie rod arms rotate about the
main axis of rotation for the steering knuckle hitherto
located at or near the vertical plane in which the tie rod
arm is located.

Accordingly, the general purpose and principal ob-
ject of the present invention is to provide a new and

- 1improved steering knuckle of the type described which

is operative to generate an extended turning angle rela-
tive to any known prior art steering knuckles and with-
out requiring any significant increase in torque to the
steering knuckle. |

Another object of this invention is to provide a new
and improved steering knuckle of the type described
which may be constructed reliably and economically by
applying relatively minor structural modifications to
existing steering knuckle designs.

Another object of this invention is to provide a new
and improved steering knuckle of the type described
which is operative in the front wheel bases of motor
vehicles to significantly reduce front tire wear therein,
particularly in certain types of small wheel base motor
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vehicles which are operated with many frequent right
and left hand turns.

A novel feature of this invention is the provision of a
steering knuckle of the type described comprising one
or more ball joint pivot arms having an effective length 5
RE, so that the turning angle of the steering knuckle in
radians is linearly proportional to Rg plus the length of
the spindle for the steering knuckle.

Another feature of this invention is the provision of a
new and improved steering knuckle of the type de-
scribed which is operative to minimize the total tire
surface area-to-road contact area during vehicular
wheel turns. This in turn reduces the vectors of sliding
friction exerted on the tire surface which are the most
responsible for producing wear on tires. These are for-
ward travel momentum vectors which are directed at
angles obtuse, acute and orthogonal to the instanta-
neous turning angle in radians of the wheel and tire, and
they are proportionally reduced by reducing the above
ratio of tire surface area-to-road contact area during
wheel turns of the vehicle.

These and other objects, features, and related advan-
tages of the this invention will become more readily
apparent in the following description of the accompa-
nying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic force-vector diagram illustrat-
ing the turning motion of a conventional prior art steer-
ing knuckle.

FIGS. 2A and 2B are schematic force-vector dia-
grams illustrating the turning motion of the steering
knuckle manufactured in accordance with the present
invention.

FIG. 3 is a curve showing the variation in turning 3°
angle S; in FIGS. 2A and 2B above as a function of
variations in the effective extended length, Rg, of the
upper and lower ball joint pivot arms of the new and
improved steenng knuckle described herein.

¥1G. 4 1s a complete isometric view of the new and 40
improved steering knuckle manufactured in accordance
with the teachings of the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

Referring now to FIG. 1, there is shown a force-vec-
tor schematic diagram representative of the relative
positions of the main rotational pivot 10 of a prior art
steering knuckle at which steering ball joints are re-
ceived. A tie rod arm 12 and a spindle 14 are orthogo-
nally positioned as shown to receive a force, Fay, repre-
senting the moment arm force applied over an effective
length R, of the tie rod arm 12 to produce a turning
torque on the steering knuckle.

In accordance with well known principles of force-
vector motion, the length of the arc 16 in radians, S,, is
equal to the effective length R, of the tie rod moment
arm 12 times the angle ¢ through which the moment
arm 12 moves. Similarly, the length of the arc 18 in
radians S; is equal to the effective length of the spindie
14, or R), times the same angle ¢ in degrees through
which the spindle 14 is moved by the application of a
moment arm force Fsapplied as indicated to the end of
the tie rod arm 12. Thus:
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Equation 1: S;=RiX¢

Equlﬁﬂn 2: SE=R0>< ¢r

Therefore, cancelling ¢,:

Equation 3: §)=5, [R1/R/]
for a given force, Fyy, applied to the end of a tie rod
arm.

In accordance with the teachings and principles of
the present invention and in order to increase the value
of S| to a new corresponding value of S for the same
applied force Fas, the main rotational pivot point 20 as
shown in FIGS. 2A and 2B has been extended by the
effective length, R, of the ball joint arms 22. Using this
novel approach, the main rotational axis for the steering
knuckle is removed by a distance of Rg from the end of
the spindie 24 which is defined in FIG. 2A as having an
effective length of R;. Now, if the combined total
lengths R £ plus R are now rotated through the angle ¢
as shown in FIGS. 2A and 2B, S; is now equal to (R>
plus Rg) times ¢ or

Equation 4: S2=(R2+Rp)X ¢

- However, the new arc length S, which defines the
new distance in radians traveled by the end of the new
tie rod arm 26 is now proportional to the hypothenuse,
H, of the right triangle defined by H, R, and Rg which
has also been rotated through an angle ¢ to define the
new arc length S,". However, since H is equal to the
square root of Rg squared plus R, squared, then S, is
now defined as follows:

Equation 5: S, = (N R + R2) X ¢

Cancelling ¢, we now have S; defined by the follow-
Ing new expression:

Equation 6: S = [(Ry + RE)/ \ Re2 + R2 X S,

for a given applied force, Fs.

Referring now to the graph in FIG. 3, this graphis a
plot of the variation of the ratio of So/S,’ for the steer-
ing knuckle shown in FIGS. 2A and 2B above and in-
FIG. 4 below as a function of the extended pivot arm
length, RE, in inches. The graph in FIG. 3 was plotted
by using a measured value of R equal to 6.39 inches and
a measured value of R, equal to 5.88 inches. Thus, it is
seen that the ratio of S2/S,’ peaks in the vicinity of an
R £equal to about 5.3 inches, indicating that a maximum
variation in S; and a corresponding maximum reduction
in tire/wheel road contact time during wheel turns will
occur for this value of R g taken together with the addl-
tional values of R; and R, given above.

Referring now to FIG. 4, there is shown an isometric
view of a steering knuckle which has been successfully
built and tested and which employs the force vector
principies described above with reference to FIGS. 2A,
2B, and FIG. 3. The steering knuckle 30 shown in FIG.
4 has been constructed of a chosen cast iron which is
known as meehanite SF 60 ductile iron and includes a
main upstanding member 32 from which a tie rod arm
34 extends on one side thereof and from which a brake
caliper mounting flange 36 extends in the generally
U-shaped configuration shown on the other side
thereof. The tie rod arm 34 includes a cylindrical bore
38 located at 1ts cylindrical end 39, and the cylindrical
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bore 38 is adapted to receive the tie rod ends from the
turning wheel steering mechanism (not shown) of the
vehicle.

A spindle 40 constructed of 2 No. 1056 case hardened
stee] alloy has its larger right hand end 42 mounted in a
cylindrical opening within the upright member 32 and
has its remote smaller end 44 adapted for positioning
along the rotational axis of the wheel base assembly (not
shown) into which the steering knuckle 30 is to be fit-
ted. The brake caliper mounting flange 36 has been
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configured with the generally U-shaped contour shown
and has a pair of disc brake caliper mounting holes 46

and 48 located as shown through the outer end sections
50 and 52 of the flange member 36. The upstanding
main body member 32 further includes an upper dust
cover thread receptacle 54 and a cylindrical wheel
bearing o1l seal flange 56 which is concentrically
mounted with respect to the longitudinal axis of the
spindle 40.

A first or Jower ball joint pivot arm 58 extends as
shown from the lower section of the main body member
32 of the steering knuckle and a second or upper ball

joint pivot arm 60 extends as shown from the upper
portion of the main upstanding steering knuckle mem-

ber 32. The lower and upper ball joint pivot arms 58 and
60, respectively, have vertically aligned cylindrical
tapered bores 62 and 64 therein which have their cen-
ters located an effective distance R from a plane that
extends down through the center line of the tie rod arm
34 and out through the center of the thickness dimen-
sion of the brake caliper mounting flange 36. Thus,
when the steering knuckle mechanism shown in FIG. 4
rotates about the vertical axis extending from the center
of the cylindrical opening 62 in the lower ball joint
pivot arm 58 to the center of the cylindrical opening 64
in the upper ball joint pivot arm 60, the small end 44 of
the spindle 40 will be rotated through the new arc dis-

15

20

25

30

35

tance S, as indicated in FIGS. 2A and 2B which is

greater than the prior art distance S;in arc radians by a
predetermined amount. This amount is determined by
the effective extended length Rg as defined above and
considered together with any slight reduction in the
effective length R, of the tie rod arm 26 as may be
desired to optimize the turning angle-to-torque ratio
characteristic for a given steering knuckle application.

As indicated above, the reason that an increase in S>

with respect to the prior art turning angle S; in arc
radians serves to decrease tire wear durmg the turnmg
of a front wheel of a moving vehicle is that it minimizes
the total tire-to-pavement (or other contact surface)
area per unit of wheel turning time for any given wheel

turn. Stated another way, the total travel distance of the

front wheels has been decreased in proportion to the

45

amount that S; is greater than S;. This represents the

total tire surface area that is in contact with the road.

surface from the instant that a turn is initiated by a
vehicle operator to the instant a turn is completed by a
vehicle operation.

Since vectors of sliding friction acting against the tire
surface are obviously much greater during wheel turns
than during straightforward rolling motion, it is particu-
larly critical to minimize this tire surface area-to-road
contact area ratio during wheel turns as 1s accomplished

53

in accordance with the present invention. The reason -

for this fact is that the forward momentum vectors
generated by the moving vehicle continue to act against

65

the tire surface during these wheel turns. These forward

momentum vectors in turn produce sliding friction vec-
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tors against the tire surface at many different obtuse,
acute and orthogonal angles with respect to the instan-
taneous turning angle of a wheel. And it is these latter
vectors of sliding friction that cause the greatest amount
of tire wear, and they are significantly minimized in
accordance with the teachings of the present invention.

Various constructional and design modifications may

be made in and to the preferred commercial embodi-

ment of the present invention as illustrated in FIG. 4
above. However, these constructional and design modi-
fications are clearly within the scope of the following
appended claims.

We claim:

1. A steering apparatus having a spindle with an ef-
fective length R and a tie rod arm with an effective
length R,, with the tie rod arm and spindle being joined
to a common upstanding member and characterized in
that a pair of ball joint pivot arms extend from said
member to a pivotal axis of rotation for said apparatus,
each of said pivot arms having aligned bores with their
centers each located an equal distance Rg from a plane
extending down through the center of said tie rod arm
and operative to rotate said apparatus about said pivotal .
axis of rotation through said aligned bores and move the |
end of said spindle through an arc distance S; in radians
defined by the following equation:

S; = [(Ry + RE)/ \ Rg?2 + RA] X S,

wherein S, is the arm distance in radians that the end of
said tie rod arm is moved.

2. A steering knuckle operative for rotatmg the front
wheel of a motor vehicle including, in combination, a
main upright body member having a tie rod arm extend-
ing from one side thereof and a brake capillary mount-
ing flange extending from the other side thereof and all
located at or near a common plane which is configured
to fit into the front wheel base of a motor vehicle, a
spindle positioned so that one end thereof extends
through an opening in said main body member and the
other end thereof extends away from said main body
member and approximately orthogonal to said common
plane and adapted for positioning along the rotational
axis of said wheel, and a pair of ball joint pivot arms
extending from said main body member a predeter-
mined distance and having bores extending there-
through and defining the pivotal rotational axis for said
steering knuckle, each of said pivot arms having aligned
bores with their centers each located an equal distance
R from a plane extending down through the center of
said tie rod arm.

3. The apparatus defined in claim 2 wherein said
spindle has an effective length, R,, said tie rod arm has
an effective length R, and said ball joint pivot arms have
an effective length Rg, so that when said tie rod arms
move through an arc distance S,', the end of said spin-
dle moves through an arc distance S; in accordance
with the following expression:

Sy = [(R2 + Rg)/ \ RE2 + RA X S,.

4. Steering apparatus for reducing the time that a tire
surface is in contact with the surface of a road during
the time that a vehicle is making a turn including, in
combination:
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a. means for positioning a spindle of said steering
apparatus at the rotational axis of a wheel base, and
b. means for rotating said spindle through an angle
and arc radians which is proportional to the angle
of rotation, ¢, of said spindle, multiplied by R plus
RE, where R3 1s equal to the length of said spindle
and R is equal to an extension length between one
end of said spindie and said axis of rotation of said
steering apparatus, said axis of rotation being de-
fined by a pair of aligned cylindrical bores located,
respectively, in a pair of pivot arms, and each bore
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having a centerline located at one end of said exten-
sion length RE.

3. In a steering knuckle of the type having a tie rod
arm and a brake caliper mounting flange joined in the
same plane to a main upstanding knuckle member and a
spindle extending normal to one side of said plane, the
improvement comprising in one-piece casting a pair of
ball joint pivot arms extending from the opposite side of
said plane and having vertically aligned bores therein
each removed from said plane by an equal length Rg so
that said spindle pivots about a pair of ball joints located
on an axis at the centerline through said aligned bores.
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